Abstract -We present a small angle neutron scattering study of polymers in solution. The contrast between the scattering lengths of the polymer and the solution is created by dynamic polarization of the nuclei in the sample. We used the spectrometer PAON at G5-3 of the LLBSaclay-reactor Orph6e which is a prototype of a SANS spectrometer using dynamic nuclear polarization. The power of this method can be seen from the results obtained on two different samples: a solution of the homopolymer polystyrene in orthoterphenyl, and a mixture of two homopolymers dissolved in toluene. We observed for the polystyrene sample the decrease in contrast at positive polarization and increase in contrast for negative polarization. For the sample of the polymer mixture in solution we obtained the different structure factors by taking the SANS spectra for different polarizations. The interference term, obtained separately in the same sample, confirms the mutual interaction.
Introduction
SANS is an often used tool to study macromolecules, like polymers, in solution. For this a difference in scattering length between the polymer and the solution is required. The usual way of obtaining this contrast is using isotopic substitution: one replaces the protons of the solvent by deuterons which have a larger scattering length. An other possibility of creating contrast is using the interaction neutron spin-proton spin. The scattering length of a nucleus is given by where I is the nuclear spin and s the neutron spin. It depends on the nuclear polarization as well as on the neutron polarization. With the discovery of the dynamic nuclear polarization in solids, the solid effect [I] , it has become possible t o obtain high nuclear polarizations up t o 100% [2] [3] . By varying the nuclear polarization one can vary the contrast and suppress or highlight the diffusion of a polymer in solution. This method is very useful in multi-component systems; in a sample consisting of different components one can study these components independently a t different polarization. Contrast variation by nuclear polarization has the advantage above isotopic substitution that it offers the possibility to study different components using one single sample. To do this with isotopic substitution one is obliged t o make different samples. 
Differential cross-section
For the case of a homopolymer in solution, the coherent differential .cross section can be written as:
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So(&) is the structure factor of the polymer, for a polymer in a good solvent it is given by the Debye function. The contrast factor is given by: -P is the average nuclear polarization and p the neutron polarization. Q is the usual scattering vector Q = 2ir/X sin(28), with 20 the scattering angle and X the neutron wavelength. We used the scattering length density b which is defined as the scattering length of a particle per unit volume.
For the case of a mixture of two polymers in solution the differential cross section has three terms:
The contrast factors KEIPI and Kkpz are the contrast factors between the polymer 1 respectively polymer 2 and the solution as defined in (3) . K&, is the interference contrast factor between the two polymers themselves:
In figure 1 the different contrast factors of polystyrene (PS) and polydichlorophosphazene (PClPN) in a partially deuterated solvent are shown as a function of the proton polarization. 
Experimental techniques
In order t o obtain a high electron polarization (i.e. 100% ) and a long nuclear relaxation time, temperatures below 0.5 K are required. This implies that the sample must be in a dilution refrigerator. ~e~ is prohibited in the sample environment, due to its enormous absorption cross section for thermal neutrons. We use therefore a dilution refrigerator specially conceived for neutron scattering experiments, where the sample is situated in a cavity separated to the dilution chamber. An electromagnet applies a magnetic field of 25 kGauss to the sample, a microwave of 70 GHz induces the dynamic nuclear polarization. The spectrometer PAON has a low intensity ( 3 . lo3 n s-' at X = 4.7A, the neutrons polarized by a supermirror). Counting times of 50 hours have been needed for the spectra shown.
The samples are vitreous beads of polymers in solution, obtained by quick freezing of droplets of the solution in liquid nitrogen. Paramagnetic impurities, di-tert-butyl nitroxide, are added to the solution. They provide the free electron spins necessary for the dynamic polarization.
Experimental results
SANS spectra have been taken from a sample of 2% PS with a mass of 35.000 in 50150 OTP-H/OTP-D a t three polarizations, P = -50%, P = 0 and P = +50%. Figure 1 shows that the contrast factor of PS is negligible for P = +50% and small for P = 0. At negative polarization the contrast factor has appreciable values. This is still true in 50150 OTP-HIOPT-D. In figure  2 the SANS spectra are shown for the three polarizations. The signal of the polymer is strongest for P=-50% .
As expected from the contrast factors, the scattering is very small for positive and zero polarization. At negative polarization one does clearly see the contribution of PS. This signal has been fitted with a Debye function with a radius of gyration of R, = 47A, which corresponds to the expected radius of gyration for our polymer at low concentration in a good solvent.
From the sample of the mixture of PS (mass 5.000) and PClPN (polydispersed) both dissolved a t a concentration of 3% in a solution of 30170 toluene-Hltoluene-D, SANS spectra were taken a t P = -38%, P = 0 and a t P = +38%. These spectra are shown in figure 3 .
We now see a contribution of the polymers to the scattering at the three different polarizatons. The signal a t negative polarization shows the diffusion from PS (here KgclPN << KgS), the signal a t positive polarization shows the diffusion from PClPN (here K ;~ << I<$,,,,).
The scattering a t these two polarization gives directly the structure factors of PS respectively PClPN. At zero polarization the signal is flat, this is due to the negative sign of the interference structure fonction whose contrast factor is comparable to the contrast factors K;clpN and Kgs for P = 0. The negative sign of the interference term corresponds to the model of a mixture of homopolymers in solution taking into account an excluded volume 171.
Conclusion
We showed the dependence of the scattering intensity of polymers in solution on the nuclear polarization. The signal of PS has been suppressed at positive polarization and enhanced a t indicates that the conformation of the polymer is not altered by our way of making the samples (i.e. quick freezing).
The scattering from the mixture of two homopolymers in solution showed the (negative) interference term in the same Q region as the structure functions of the homopolymers themselves. This means that the mean distance between the different homopolymers is of the same order as their radius of gyration.
